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Abstract: The Mexican Hairless dog, or Xoloitzcuintle, is a breed characterised by a 29 
sparse hair coat and a severe oligodontia. This phenotype is a consequence of Canine 30 
Ectodermal Dysplasia (CED) caused by a mutation on the FoxI3 autosomal gene. First 31 
accounts of hairless dogs in Mexico are dated to the 16th century CE, according to the 32 
historical record, but pre-Hispanic dog skeletons presenting missing and abnormally shaped 33 
teeth have been interpreted as earlier evidence of hairless dogs. However, several questions 34 
remain unanswered regarding the timing of apparition of this phenotype and its relationship 35 
with modern hairless breeds. In this paper, we review the morphological characteristics of 36 
potential hairless dogs and we apply ancient mitochondrial DNA analyses along with 37 
radiocarbon dating to eight archaeological dog mandibles from Tizayuca, Basin of Mexico, 38 
presenting anomalies that could be attributed to a CED. The archaeological dogs were dated 39 
between 1620 and 370 years BP. Among these eight individuals, we identify four different 40 
mitochondrial haplotypes including two novel haplotypes. The dogs from the Basin of Mexico 41 
display a very high genetic diversity and continuity from the Classic to the Postclassic. 42 
However, our attempt at amplifying the FoxI3 mutation was unsuccessful. Finally, we show 43 
that some haplotypes are present in both archaeological dogs and modern hairless breeds, 44 
perhaps reflecting their maternal ancestry. 45 
 46 
Keywords: Mesoamerica; Xoloitzcuintle; Zooarchaeology; Domestication; Ancient DNA; 47 
Canine Ectodermal Dysplasia; Radiocarbon Dating; 48 
 49 
Highlights 50 
- We studied the mitochondrial DNA from eight ancient Mexican dogs 51 
- The dogs show dental anomalies usually associated with Canine Ectodermal Dysplasia 52 
- Some haplotypes are present in both archaeological dogs and modern hairless breeds 53 
- Mexican dogs display a high genetic diversity and continuity for ca. 1000 years 54 
 55 
 56 
  57 
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1. Introduction 58 
While dog (Canis familiaris) domestication would have started during the Palaeolithic, 59 
breed formation is a recent phenomenon that occurred mostly during the last 200 years (e.g. 60 
Larson et al., 2012; Lindblad-Toh et al., 2005; Parker et al., 2017a; Vilà et al., 1997). Some 61 
morphotypes were then genetically isolated by reproductive rules to enable the formalisation 62 
of breed standards and many breeds that were thought to be of ancient origin (also called 63 
primitive breeds) appear to be recent creations (Parker et al., 2004). In Latin America, the 64 
Mexican Hairless Dog (also named Xoloitzcuintle) and the Peruvian Hairless Dog are 65 
recognised by the World Canine Organisation (FCI) DV³3ULPLWLYHEUHHGV´http://www.fci.be, 66 
Group 5 Section 6) although many questions remain unanswered regarding their antiquity 67 
(Parker et al., 2017a; van Asch et al., 2013). 68 
American dog populations have been created by two major migration events. The first one 69 
occurred about 10,000 years ago when domesticated dogs were first introduced to the 70 
continent following human migrations (Leonard et al., 2002; Ní Leathlobhair et al., 2018; 71 
Witt et al., 2015). Then, about 500 years ago, European exploration and colonisation of 72 
America lead to the introduction of numerous dogs from Western Europe and the progressive 73 
vanishing of indigenous maternal lineages (Castroviejo-Fisher et al., 2011). However, some of 74 
them may have survived among the modern breeds of American origin (van Asch et al., 75 
2013). Yet, these assertions are mostly based on modern genetic data with limited 76 
contribution of archaeological evidence.  77 
The Xoloitzcuintle is one of the Native American breeds with a long-running history. Its 78 
first naturalistic description arises from the 16th century (Dibble and Anderson, 1975: 16; 79 
Hernández, 1959). At the beginning of the 20th century, hairless dogs are still present in 80 
Mexico, although they are uncommon ³7KHKDLUOHVVGRJ´. The first standard of the 81 
breed is established in 1956 from those residual populations (Blanco et al., 2008) and the 82 
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Xoloitzcuintle is definitively recognised by the FCI in 19611. The breed presents sparse or 83 
absent hair coat along with a severe oligodontia and abnormally shaped teeth, both 84 
consequences of Canine Ectodermal Dysplasia (CED) of autosomal dominant monogenic 85 
inheritance caused by a mutation of the FoxI3 gene (Drögemüller et al., 2008; Kupczik et al., 86 
2017; Robinson, 1985). Whereas the dental anomalies were not mentioned by the 16th century 87 
naturalists, Darwin (2008, p. 58) notices, by the first half of the 19th century, the correlation 88 
between the absence of hair and absence of teeth. 89 
Because skin and fur are usually not preserved, archaeologists have used oligodontia and 90 
abnormally shaped teeth as an evidence for the presence of hairless dogs in pre-Hispanic sites, 91 
along with iconographic depictions of wrinkled and naked dogs (Valadez Azúa et al., 2009; 92 
Vásquez Sánchez et al., 2016, 2009). Dogs with missing premolars and teeth of simplified 93 
form were identified as hairless dogs and a direct lineage between these and modern hairless 94 
breeds has been claimed (Blanco et al., 2008; Valadez Azúa et al., 2013; Vásquez Sánchez et 95 
al., 2016) (SI text 1). It is assumed that this morphotype appeared in Western Mexico at the 96 
beginning of our era, the first ceramic representations of hairless dogs being found in the 97 
region of Colima during the Preclassic (ca. 1500 BCE ± 200 CE); from the 6th century CE, 98 
they would have spread across Mesoamerica until reaching the Andean region during the 14th 99 
century CE (Carot and Hers, 2016; Valadez Azúa et al., 2010, 2009; Vásquez Sánchez et al., 100 
2016) (Figure 1). 101 
                                                 
1
 http://www.fci.be/en/nomenclature/XOLOITZCUINTLE-234.html, consulted on the 21/01/2018.  
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 113 
However, no genetic study confirms the relationship between this archaeological 114 
morphotype and modern hairless breeds. Indeed, aDNA analyses of archaeological dogs are 115 
scarce in Latin America, with only 17 individuals published so far including one possible 116 
hairless dog from Tula, Hidalgo (Leonard et al., 2002; Ní Leathlobhair et al., 2018; Valadez et 117 
al., 2003) and past genetic diversity remains mainly unknown. Moreover, missing teeth have 118 
been observed in several modern dog breeds as well as in wild carnivores (Buchalczyk et al., 119 
1981; Knyazev et al., 2003; Losey et al., 2014; Miles and Grigson, 1990; Szuma, 1999; Vilà 120 
et al., 1993), although there is no quantitative estimation of their proportion in the canine 121 
population (see SI text 1 for a discussion). Indeed, both a low selective pressure on the 122 
number of premolars and a high potential for evolutionary plasticity to diet change on the 123 
 
Figure 1 - Top: location of Tizayuca (red star) and other Mesoamerican sites that have yielded remains of 
dogs identified as hairless (red dots) and aDNA references (white dots). Bottom: chronology of the Basin of 
Mexico and distribution of the archaeological remains described as hairless dogs in Mesoamerica with the 
minimum number of individuals (MNI), according to Collins (2002) and Valadez et al. (2009). 
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molars could contribute to this variability (Asahara, 2013; Vilà et al., 1993). Therefore, the 124 
identification of hairless dogs through their phenotype needs to be clarified and further 125 
genetic analyses are essential to support affinity between modern hairless breeds and ancient 126 
dogs. Finally, accurate dating of each sample is crucial to ascertain their origin and 127 
chronological distribution. 128 
Here we apply genetic analyses along with direct radiocarbon dating to eight 129 
archaeological dogs from Central Mexico, which show dental anomalies that are similar with 130 
modern hairless dogs (referred to here as a ³KDLUOHVV-OLNH´ SKHQRW\SH. Our aims were to 131 
clarify the origin of this phenotype and to document the past genetic diversity of dogs from 132 
Central Mexico, testing for their relationship with modern breeds, in particular ones of 133 
American origin. 134 
2. Material and methods 135 
2.1. The archaeological site of Tizayuca 136 
All the archaeological elements analysed in this study come from three settlements of the 137 
municipio of Tizayuca, Mexico, excavated between 2006 and 2010 (Equihua Manrique et al., 138 
2008). Architectural, lithic and ceramic elements from Tlamimilolpa, Xolalpan (both 139 
associated to the Teotihuacan cultural complex), Toltec and Aztec phases as well as some 140 
Colonial remains attest to the persistent occupation of the area from the 3rd to the 16th century 141 
CE (Figure 1). Located in the vicinity of the powerful settlements of Teotihuacan, Tula and 142 
Mexico-Tenochtitlan, the area of Tizayuca would have been under their direct influence. 143 
However, the stratigraphy is highly disturbed and prevented a clear chronological attribution 144 
of the ecofacts (Equihua Manrique et al., 2008).  145 
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The archaeological area of Tizayuca yielded a total of 3,327 vertebrate remains, from 146 
which more than 25% have been attributed to Canis sp. (number of identified specimens, 147 
NISP = 877). Osteological identification between dog, Mexican wolf (Canis lupus baileyi) 148 
and coyote (Canis latrans) was based on morphological and morphometrical criteria (Blanco 149 
Padilla et al., 2009; Lawrence and Bossert, 1967). Measurements were taken following von 150 
den Driesch (1976) and ruled out the presence of wild canids in several cases (SI Text 1). We 151 
identified at least six juveniles (neonatal to 6 months; Hilson, 2005) and 36 adults (> 7 152 
months; Hilson, 2005), exceeding the presence of any other animal. Canids are followed by 153 
leporids (Sylvilagus spp., Lepus spp., NISP = 271), turkey (Meleagris gallopavo, NISP = 144) 154 
and large artiodactyls (Odocoileus virginianus, O.hemionus, cf. Ovis canadensis, NISP = 130) 155 
(Manin and Lefèvre, 2015). Four dogs (three adults and a juvenile) have been deliberately 156 
buried, either as connected or rearranged skeletons, and we also recovered a canine ornament 157 
and a tool made from a canid bone. Moreover, burning and butchering marks suggest the 158 
consumption of dog meat. These different elements show the importance of dogs to the 159 
inhabitants of Tizayuca in both ritual and economic spheres, as was the case in many 160 
American cultures (Schwartz, 1997). 161 
2.2. Canid sampling 162 
Among the 36 unpaired canid adult mandibles, several dental anomalies were observed in 163 
the premolar row (NISP = 11). The absence of the first premolar (NISP = 3) has been 164 
described in many American dog specimens ± archaeological and contemporaneous ± and is 165 
not specifically related to hairless dogs (Allen, 1920: 439; Miles and Grigson, 1990). 166 
However, other anomalies have been regularly described as characteristics of hairless dogs 167 
(Grouard et al., 2013; Urbano Torrico, 2008; Valadez Azúa, 1995), in particular missing 2nd to 168 
4th premolar and abnormal shape (see criteria in SI Text 1). The eight dog mandibles carrying 169 
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these anomalies (representing 22% of the dog population in Tizayuca) were selected for 177 
further investigation (Table 1; Figure 2). In order to perform radiometric and molecular 178 
analyses, sections of about 1 cm x 3 cm were opened in the body of each mandible with an 179 
electric saw to take samples for aDNA (0.8 ± 2.34 g) and collagen extraction (0.6 ± 2.13 g). 180 
To avoid contaminations, the saw and the working space were bleached between each 181 
sampling and a new blade has been used. 182 
 183 
 
Figure 2 ± Illustration of the eight archaeological individuals analysed in this study, including computed 
tomography (Az-749) and X-ray (Az-1791) images. 
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2.3. Radiocarbon dating 184 
%RQH FROODJHQ IURP WKH HLJKW VDPSOHV ZDV H[WUDFWHG LQ WKH 0XVHXP QDWLRQDO G¶+LVWRLUH185 
naturelle of Paris (France) and dated using the compact AMS ECHoMICADAS at Gif-sur-186 
Yvette following the method outlined in SI Text 1. All the samples provided acceptable 187 
collagen yield [>1%, (Ambrose, 1990)]. 188 
2.4. Ancient DNA analyses 189 
All the aDNA extraction and analyses were carried out in the Palgene facility at the Ecole 190 
Normale Supérieure of Lyon (France) with tools dedicated to aDNA and strict protocols of 191 
decontamination and control. Ancient DNA was extracted following a silica based method 192 
(Bastian et al., 2018, see also method outlined in SI Text 1). DNA of the eight samples has 193 
been retrieved in two batches consisting of four Mesoamerican dogs, a fish vertebra that was 194 
used as cross-contaminant and a blank extraction to rule out aerosol and reagent 195 
contaminations.  196 
We used two pairs of published PCR primers (Leonard et al., 2002) to target two 197 
overlapping fragments of Canis mtDNA control region (CR) producing a 173 bp fragment 198 
(position 15515-15687 on the complete mitogenome, Kim et al., 1998). This fragment was 199 
chosen as it was short enough to be retrieved even in highly degraded samples, and allows 200 
ID Dental anomalies 
Az-314 P4 absent 
Az-657 P4 absent, supernumerary M3 
Az-749 Only presence of P3, P4, M1; P1 abnormally shaped 
Az-1791 Persistence of dp2 (or dp3) and dp4 on adult specimen 
Az-1923 P3 and P4 absent 
Az-1930 P3 and P4 absent 
Az-1934 P4 absent 
Az-1935 P2 absent 
Table 1: List of dental anomalies observed on the selected mandibles. P = premolar, M = molar, dp = 
deciduous premolar.  
10 
 
enough resolution for haplogroup attribution (Frantz et al., 2016), detection of the Latin 201 
American clade 1a (Leonard et al., 2002) and individualisation of the American private 202 
haplotype A185 (van Asch et al., 2013). Positive amplicons were sequenced on a Ion PGM 203 
System (Ion Torrent, Thermofisher).  204 
The sequences were visualised and aligned using Seaview software v.4.6 (Gouy et al., 205 
2010) and the MUSCLE algorithm (Edgar, 2004). Authentic sequences were determined by 206 
analysing the reads obtained for each product (218 to 157,669 reads per amplicon) and by 207 
considering three independent amplifications for each gene and sample. New SNPs were 208 
confirmed by their presence in more than 50% of the reads. Haplotypes were compared 209 
through the NCBI BLAST (https://blast.ncbi.nlm.nih.gov) to identify matching sequences. 210 
Novel haplotypes were described following the recommendations from Pereira et al. (2004). 211 
Briefly, the sequences were aligned to the reference genome (Kim et al., 1998) and the 212 
position of the polymorphisms was listed unambiguously from this alignment. Position 213 
numbers without superscripts denote transitions (e.g., A to G or C to T) whereas other base 214 
changes are explicitly indicated.  215 
The sequences produced in this study were then compared to 339 published sequences 216 
(Table S1) from American archaeological dogs (Ames et al., 2015; Barta, 2006; Brown et al., 217 
2013; Kemp et al., 2017; Leonard et al., 2002; Thalmann et al., 2013; Witt et al., 2015), 218 
American dogs of indigenous origin (Castroviejo-Fisher et al., 2011) selected according to 219 
van Asch et al. (2013) and modern dogs from four breeds of presumed American origin: 220 
Carolina Dog, Chihuahua, Xoloitzcuintle and Peruvian Hairless Dog (van Asch et al., 2013; 221 
Vilà et al., 1999). Multiple alignments of these sequences, number of segregating sites (S), 222 
haplotype diversity (Hd), nucleotiGH GLYHUVLW\ ʌ, WattHUVRQ¶V HVWLPDWRU per sequence șW) 223 
DQG7DMLPD¶V'test were assessed using DnaSP v.5.10 (Librado and Rozas, 2009). Analysis 224 
of molecular variance (AMOVA) and pairwise FST population comparison (using the 225 
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5H\QROG¶VGLVWDQFHDQG-XNHVDQG&DQWRUFRPSXWDWLRQRIWKHGLVWDQFHPDWUL[, with a threshold 226 
of 0.05) were implemented in Arlequin v.3.5.2.2 (Excoffier et al., 1992; Excoffier and 227 
Lischer, 2010). Relationships between the sequences were visualised by constructing 228 
phylogenetic trees and median-joining networks (Bandelt et al., 1999). 229 
In order to evaluate past diversity of American dogs, ancient sequences were grouped in 230 
six regions according to cultural similarities and geographic proximity: Alaska, North Pacific 231 
Coast, Illinois, Florida, American South West, Mesoamerica and South America. Overall 232 
archaeological diversity was also compared to modern diversity in the selected sample. 233 
2.5. Modern DNA analyses 234 
In order to amplify the mutation on the first exon of the FoxI3 gene responsible for the 235 
hairless phenotype in modern hairless breeds, we designed a pair of PCR primers targeting a 236 
58-65 bp fragment including the 7 bp duplication previously described (Drögemüller et al., 237 
2008). Modern DNA of different breeds (including hairless and coated ones) was obtained 238 
through the Antagene laboratory (France). Amplifications were carried out following the 239 
protocol outlined in SI Text 1 §6 and positive amplicons were sequenced on a Ion PGM 240 
System (Ion Torrent, Thermofisher). The sequences (0 to 175 reads per amplicon) were 241 
visualised and aligned to the first exon of the FoxI3 gene using MUSCLE (Edgar, 2004) 242 
through Seaview software v.4.6 (Gouy et al., 2010). However, none of them matched the 243 
targeted sequence (see detailed results in SI Text 1 §6). 244 
3. Results 245 
3.1. Morphological description of the archaeological dogs 246 
From the eight individuals selected for this study (Table 1; Figure 2), seven are isolated 247 
mandibles, often fragmented, limiting the reconstitution of the morphotype. The last one (Az-248 
749) is a complete dog that was buried in a Teotihuacan compound (Tlamimilolpa or 249 
Xolalpan phase), allowing a more accurate description of the animal.  250 
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In Az-749, incisors and canines are missing, but remodelled bone indicates the teeth were 251 
lost during the life of the animal. This scar tissue is not present at the location of the P1, P2, 252 
M2 and M3, however, suggesting an agnosis of these dental pieces. The M1 is present but it 253 
displays a reduced talonid. All these anomalies were observed on both left and right 254 
mandibles. Computed tomography scanning showed the absence of dental bud inside the 255 
mandible. On the skull, only the canine, P4 and M1 are present on both sides but remodelled 256 
bone on the dentary indicates the incisors were lost. P1, P2 and P3 would have never erupted, 257 
considering the absence of scar tissue. The canines are thin and slightly curved and the P4 258 
misses the protocone on both left and right side (Figure 2). Overall, the dog was of medium 259 
size, with an estimated shoulder height of 36 to 40 cm (Harcourt, 1974) (Table S2). The 260 
presence of a bacculum indicates it was a male that died after 6 years according to the pelvis 261 
suture (Barone, 1976; Piérard, 1967). 262 
Az-1791 shows the presence of deciduous dp4 and dp2 (or dp3) simultaneously with the 263 
alveoli of fully erupted P3 (or P4) and M1. X-ray images indicate the dental buds of the 264 
missing permanent premolars never developed (Figure 2). Both Az-1923 and Az-1930 show 265 
missing P3 and P4 while all the other teeth are present, in particular the P1 and M3. On Az-266 
1935, there is no P2 and despite the breakage pattern it seems P1 is also missing. P4 is also 267 
missing on Az-657 but two alveolar cavities behind the M2 suggest an uncommon M3 with 268 
two roots or a supernumerary molar. Finally, Az-314 and Az-1934 show missing P4 but the 269 
fragmentation limits further observations. 270 
3.2. Chronology 271 
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The radiocarbon dates of the eight samples range from the 4th-6th c. CE to the 15th-17th c. 272 
CE. This age range matches the archaeological occupation of Tizayuca, even for the elements 273 
found in superficial or disturbed layers (Table 2; Figure 3). The oldest sample (Az-749) is 274 
dated from the Classic Period (phase Xolalpan) and is consistent with the context of its 275 
discovery, in an architectural complex strongly influenced by the Teotihuacan culture. Four 276 
specimens cluster in an Epiclassic ± Early Postclassic group and three specimens in a Late 277 
Postclassic one. The two more recent samples (Az-1923 and Az-1930) could also pertain to 278 
the Colonial period, albeit with a reduced probability. 279 
Lab ID Sample 14C age (year BP) &DOLEUDWHGDJHıa Chronological period 
ECHo-1528 Az-749 1620 ± 25 386 ± 536 CE Classic 
ECHo-1236 Az-657 1170 ± 25 772 ± 951 CE Epiclassic ± Early Postclassic 
ECHo-1242 Az-1935 1170 ± 25 772 ± 951 CE Epiclassic ± Early Postclassic 
ECHo-1241 Az-1934 1135 ± 25 777 ± 984 CE Epiclassic ± Early Postclassic 
ECHo-1235 Az-314 1080 ± 25 895 ± 1018 CE Early postclassic 
ECHo-1238 Az-1791 545 ± 25 1318 ± 1432 CE Late Postclassic 
ECHo-1240 Az-1930 400 ± 25 1439 ± 1619 CE Late  Postclassic ± Colonial 
ECHo-1239 Az-1923 370 ± 25 1449 ± 1631 CE Late  Postclassic ± Colonial 
Table 2: Results of the radiocarbon dating. a Calibrated ages were obtained using the OxCal online program v4.2.4 
(Bronk Ramsey, 1994) and the IntCal 13 calibration curve. 
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3.3. Genetic characterisation of the archaeological samples 280 
Lab ID Sample Haplotype GenBank accession match Novel haplotype definition 
1618 Az-1791 A176 KF002258.1  
1619 Az-1923 A11-15-65 KT321361.1  
1620 Az-1934 A11-15-65 KT321361.1  
1621 Az-1935 (Xol-H1)  15621 15639T/A 15651 
1622 Az-749 (Xol-H1)  15621 15639T/A 15651 
1623 Az-1930 (Xol-H1)  15621 15639T/A 15651 
1624 Az-314 A11-15-65 KT321361.1  
1625 Az-657 (Xol-H2)  15633 15639T/A 
Table 3 ± Results of the mitochondrial aDNA amplification (173 bp fragment of the DLoop). Haplotype names 
are given after Angleby et al. (2014); when multiple entries were matching identically on GenBank, one only 
has been given. Novel haplotypes are defined according to Pereira et al. (2004), based on Kim et al. (1998) dog 
complete mitochondrial genome. 
 
Figure 3: Chronological distribution of the samples with the representation of the haplotypes involved. Age 
probability is presented ZLWK  DQG  ı &DOLEUDWLRQ ZDV obtained using the OxCal online program v4.2.4  
(Bronk Ramsey, 1994) and the IntCal 13 calibration curve.  Haplotypes are coloured as follow: red = Xol-
H1; green = Xol-H2; Yellow = A11-15-65; blue = A165 (see colours in online version). 
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The eight specimens analysed yielded positive amplification of the 173 bp targeted in this 281 
study, allowing the identification of four different sequences. Comparison with the NCBI 282 
standard nucleotide BLAST for highly similar sequences indicates two corresponding 283 
sequences and two novel haplotypes: Xol-H1 and Xol-H2 (Table 3). All the sequences have 284 
been submitted to GenBank under accession number MH175494-MH175501. 285 
 286 
Three individuals carry a sequence identical to haplotypes A11, A15 and A65 on the 287 
targeted 173 bp (Angleby et al., 2014). While A15 and A65 are rare, A11 is a Universal Type 288 
(UT) highly frequent in all dog populations (Angleby et al., 2014; Pang et al., 2009; van Asch 289 
et al., 2013). One dog carries a sequence identical to haplotype A176, which has only been 290 
recognised in a Swedish Dalmatian so far (Angleby et al., 2014), but varies from A11-15-65 291 
of only one mutation on the sequence considered here (T>C, position 15650 on the complete 292 
mitogenome, Kim et al., 1998). One novel haplotype (Xol-H1), shared by three archaeological 293 
dogs widely separated in time, varies from haplotype A185 (van Asch et al., 2013) by one 294 
substitution (C>T, position 15651 on the complete mitogenome, Kim et al., 1998). Haplotype 295 
A185 has been considered as a Private Type (PT), only found in the modern Chihuahua breed, 296 
and identical sequences have been found in ancient dogs from Central Mexico and North-297 
western America (Ames et al., 2015; Barta, 2006; Leonard et al., 2002). The second novel 298 
haplotype (Xol-H2), found in one archaeological dog, differs from A11-15-65 by one 299 
substitution (T>C, position 15633 of the complete mitogenome, Kim et al., 1998). 300 
Relationships between these archaeological dogs and other American dogs (both modern 301 
and ancient) are illustrated on a median-joining network (Figure 4). The four sequences 302 
obtained in this study cluster in Haplogroup A, the most diverse and the most common in 303 
ancient American dogs (Thalmann et al., 2013), but none cluster with clade 1a, described by 304 
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Leonard et al. (2002) as characteristic from Latin America. Xol-H1 is also closely related with 305 
a haplotype carried by modern indigenous dogs from Yucatán (Castroviejo-Fisher et al., 306 
2011) and an ancient Mesoamerican dog from Texcoco (Leonard et al., 2002). 307 
3.4. Genetic diversity in the Basin of Mexico 308 
All four haplotypes identified here are different from the five haplotypes previously 309 
described in archaeological dogs from the Basin of Mexico (Leonard et al., 2002). No other 310 
comparative Mesoamerican samples are available yet, but data from other regions in America 311 
enable large-scale comparison of genetic diversity. We used a set of 339 published 312 
comparative sequences of ancient and modern dogs (Table 4) to perform diversity tests. All 313 
the sequences have been truncated to match the 173 bp fragment targeted in this study. 314 
 
Figure 4 ± Median-joining networks displaying the relationships between the obtained sequences (bold 
circles) and existing archaeological sequences (left; data from Ames et al, 2015; Barta, 2006; Brown et al, 
2006; Kemp et al., 2017; Leonard et al., 2002; Witt et al., 2015), with the addition of modern sequences 
(right; data from van Asch et al., 2013; Castroviejo et al, 2011; Vilà et al. 1999); see colours in online 
version. Comparative sequences were truncated to the 173 bp analysed in this paper. 
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Most of the published ancient American dogs belong to Haplogroup A, but three 315 
individuals belong to Haplogroups B and C. Clade B encompasses one dog from Tula 316 
(Mexico), previously identified as a hairless dog (Valadez et al., 2003), and one dog from 317 
Gaadu Din Cave (British Columbia, Canada) with no specific dental anomalies reported 318 
(Barta, 2006). The last one, in Namu (British Columbia, Canada), pertains to clade C (Barta, 319 
2006). 320 
The genetic variation in archaeological and modern dogs is presented in Table 4. The 321 
haplotype diversity Hd is strongly correlated with the nucleotid diversity ʌ r = 0.80, p = 322 
0.011) and WKH :DWWHUVRQ¶V HVWLPDWRU șW (r = 0.80, p = 0.010), denoting a similar trend 323 
between these different indices. However, and although sample sizes are very dissimilar, none 324 
of these metrics correlate with the number of individuals in each group (p > 0.05), indicating 325 
that the diversity observed here in not driven by the sample size and enabling regional 326 
comparisons.  327 
Among archaeological samples, those from Mesoamerica show the highest diversity (Hd = 328 
ʌ șW = 4.51). Conversely, ancient dogs from Illinois (Thalmann et al., 2013; 329 
Witt et al., 2015) and from the American South West (Kemp et al., 2017) present an 330 
Group n S h ȋɐȌ ɎȋɐȌ ɅW ȋɐȌ 
TOTAL 347 34 46 0.85 (0.02) 0.0192 (0.00094) 5.29 (2.12) 
   Modern 153 21 25 0.89 (0.01) 0.0255 (0.00095) 3.75 (1.15) 
   Archaeological 194 30 29 0.71 (0.71) 0.0087 (0.00083) 5.14 (1.43) 
          Alaska 13 9 8 0.91 (0.06) 0.0114 (0.00205) 2.90 (1.70) 
          Illinois 34 2 3 0.17 (0.08) 0.0016 (0.00084) 0.49 (0.36) 
          North Pacific 66 16 11 0.80 (0.04) 0.0116 (0.00137) 3.36 (1.19) 
          American SW 58 3 3 0.13 (0.06) 0.0012 (0.00057) 0.65 (0.40) 
          Mesoamerica 13 14 9 0.92 (0.06) 0.0168 (0.00469) 4.51 (2.02) 
          South America 9 7 6 0.83 (0.13) 0.0090 (0.00283) 2.58 (1.39) 
 
Table 4 ± Measure  of genetic diversity among the 347 dogs compared in this study, for a 173 bp sequence of 
the CR: number of individuals (n), number of segregating sites (S), number of different haplotypes (h), 
haplotype diversity (Hd), QXFOHRWLGH GLYHUVLW\ ʌ DQG :DWWHUVRQ¶V HVWLPDWRU șW) with associated standard GHYLDWLRQ ı 0HVRDPHULFDQ GRJV (this study, Leonard et al., 2002) are compared to Alaska (Brown, 2006; 
Leonard et al., 2002), Illinois (Thalmann et al., 2013; Witt et al., 2015), North Pacific Coast (Barta, 2006; 
Ames et al., 2015), American South West (Kemp et al., 2017; Witt et al., 2015) and South American (Leonard 
et al., 2002, Thalmann et al., 2013) archaeological populations, and with modern dogs of American origin 
(indigenous and pure breed, van Asch et al., 2013; Castroviejo et al, 2011; Vilà et al. 1999). One archaeological 
dog from Florida (Thalmann et al., 2013) is also included in the archaeological group. 
18 
 
extremely reduced genetic variability +G ʌ șW = 0.49, 0.65; 331 
respectively). 332 
An AMOVA performed on archaeological dogs from the different regions indicates that 333 
the variation within each population accounts for 74 % of the total variation observed in the 334 
sample (Table S4). Conversely, the variation between populations only accounts for 26 % of 335 
the variation. FST pairwise population comparison shows the South American dog population 336 
is more closely related to the Mesoamerican population than to the other groups (Figure 5, 337 
Table S5). 338 
4. Discussion 339 
4.1. Origin   ǲ-ǳ  and presence of hairless dogs in the 340 
Teotihuacan cultural area 341 
Direct radiocarbon dating of the eight dogs analysed in this study enable us to clarify their 342 
origin. A complete skeleton of hairless-like dog from Tizayuca ± Las Golondrinas (Az-749), 343 
 
 
Figure 5 ± Unrooted neighbour-joining tree of the FST pairwise distances showing the relationship between 
the archaeological populations. Groups follow Table 6. 
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dated from the Xolalpan phase (350-550 AD) slightly predates former evidence related to 344 
Late Classic / Epiclassic in Western Mexico (Rodríguez Galicia et al., 2001), Central Mexico, 345 
(Valadez Azúa and Rodríguez Galicia, 2009) or Honduras (Collins, 2002). The settlement of 346 
Las Golondrinas would have had direct contacts with the city of Teotihuacan, visible through 347 
the architecture (concrete floors and stucco finishing), funerary practices or lithic and ceramic 348 
productions, suggesting it was an enclave of the metropolis (Equihua Manrique et al., 2008).  349 
The presence of hairless dogs in the city of Teotihuacan has also been suggested through 350 
the identification of local Classic zoomorphic effigy pots representing dogs with naked skin 351 
(Carot and Hers, 2016). Mesoamerican iconography has often been interpreted in naturalistic 352 
terms (e.g. de la Garza, 1995; Saunders, 1994; Seler, 1996; Sharpe, 2014; Stocker et al., 1980) 353 
and therefore the identification of ancient dog breeds has often been suggested based on 354 
ceramic representations (Guzmán and Arroyo Cabrales, 2014). However, no other skeletal 355 
UHPDLQV RI ³KDLUOHVV-OLNH´ SKHQRW\SH KDV EHHQ IRXQG \HW LQ WKH &ODVVLF RFFXSDWLRQ RI356 
Teotihuacan, despite extensive investigations (Manzanilla and Valadez Azúa, 2009; Valadez 357 
Azúa et al., 2013). 358 
4.2. Genetic diversity in the Basin of Mexico 359 
Results from the analysis of a 173 bp fragment of dog CR show the presence of four 360 
different haplotypes in Tizayuca, two of them being present in more than one individual. 361 
Regarding their chronological repartition (Figure 3), Xol-H1 appears from the Classic to the 362 
Late Postclassic / Colonial period. Haplotype A11-15-65 is present from the Epiclassic / Early 363 
Postclasssic to the Late Postclassic / Colonial period. Thus, there is an apparent continuity in 364 
the dog population from the area of Tizayuca.  365 
Compared to other American regions, the Basin of Mexico displays a high genetic 366 
diversity. While the extremely reduced diversity observed in Illinois and the American South 367 
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West was interpreted as an expression of bottleneck caused by artificial selection and 368 
breeding (Kemp et al., 2017; Witt et al., 2015), the high diversity in the Basin of Mexico 369 
could be explained by several factors, including a selection for multiple morphotypes or the 370 
presence of a larger and more stable population of dogs. As dental anomalies (including 371 
oligodontia) are recognised as inherited characters (Knyazev et al., 2003), their recurrent 372 
presence amongst the Mesoamerican dogs suggests regular inbreeding. Indeed, in the site of 373 
Tizayuca, we estimate that 22% of the dogs present dental anomalies in the premolar row. In 374 
the meantime the diversity of dogs diet in Mesoamerica, as shown by stable isotopes (eg. 375 
White et al., 2001), and a greater dental plasticity on the premolar row (Asahara, 2013; Vilà et 376 
al., 1993) would allow the variability of dental phenotypes to persist. However, further 377 
analyses of full mitogenomes and nuclear markers are required to improve these hypotheses. 378 
Analysis of molecular variance shows there are more differences within the different 379 
populations than between them, confirming the low geographic component of domestic dog 380 
mtDNA (van Asch et al., 2005; Witt et al., 2015). Interestingly, the neighbour-joining tree 381 
built from the FST pairwise test results indicates clusters differentiating the populations from 382 
South America and Mesoamerica from other North American populations (Figure 5). The 383 
proximity highlighted between Mesoamerican and South American dogs could be the result of 384 
the genetic bottleneck induced by the dispersion of dogs across America, with a loss of 385 
genetic variability following the North-South migration. This trend might have been also 386 
reinforced by the trade of animals between Mesoamerica and the Andean region. Indeed, eight 387 
of the nine South American dogs come from Peru and Bolivia, which is in the heart of the 388 
Andean culture. Several archaeological and linguistic evidence point toward continuous, 389 
albeit tenuous, exchanges between Mesoamerica and the Andean region during pre-Hispanic 390 
times (e.g. Anawalt, 1992; Carot and Hers, 2016; Holser, 1988) and some authors suggested 391 
dogs, in particular hairless ones, were part of these mouvements (Carot and Hers, 2016; 392 
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Valadez Azúa et al., 2010, 2009; Vásquez Sánchez et al., 2016). However, further 393 
comparative analyses will be necessary to address this question. 394 
4.3. Relationship between archaeological ǲ-ǳ dogs and modern breeds 395 
The Xoloitzcuintle is considered to be a primitive breed and therefore geneticists have 396 
tried to find particular markers differentiating it from other modern breeds (Vilà et al., 1999). 397 
Nonetheless recent genomic studies have shown that modern Xoloitzcuintle and Peruvian 398 
Hairless dog were strongly influenced by European breeds as a result of recent breed 399 
selection, and pre-contact traits would have been highly diluted (Ní Leathlobhair et al., 2018; 400 
Parker et al., 2017a). The fact that they share the same causal mutation (Drögemüller et al., 401 
2008) sustains the hypothesis of a common origin but it is not clear if it is due to a pre-contact 402 
population movement or modern migrations. Yet, the comparison between these two modern 403 
American breeds and archaeological ³KDLUOHVV-OLNH´dogs shows two shared haplotypes: A11, 404 
found in three dogs from Tizayuca and B01 found in one dog from Tula (Figure 4). Although 405 
we cannot discard their European origin due to post-contact interbreeding, these two 406 
haplotypes could reflect the American maternal ancestry of these modern breeds.   407 
The Chihuahua is another breed showing an American origin (van Asch et al., 2013) 408 
carrying a PT (A185) already found in pre-contact archaeological samples from Mexico 409 
(Leonard et al., 2002) and Northwest America (Ames et al., 2015; Barta, 2006), albeit none of 410 
these preVHQWD³KDLUOHVV-OLNH´ phenotype. However, novel haplotype Xol-H1, carried by three 411 
³KDLUOHVV-OLNH´ GRJV IURP 7L]D\XFD, is closely related with haplotype A185. Interestingly, 412 
genomic data show a close relationship between the Chihuahua and the Chinese Crested dog, 413 
another hairless breed carrying the FoxI3 mutation (Parker et al., 2017a). This proximity 414 
highlights the complexity of dog history, strengthening the value of aDNA in the analysis of 415 
modern breeds and calling for more global studies on the origin of modern breeds.  416 
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5. Conclusion 417 
This multidisciplinary analysis of eight dogs with a ³KDLUOHVV-OLNH´SKHQRW\SHoffers new 418 
insights into the origin of the American hairless breeds. With direct radiocarbon dating of the 419 
samples, ZH VKRZ WKDW ³KDLUOHVV-OLNH´ GRJV ZHUH present in the Basin of Mexico since the 420 
Classic, between 386 and 535 CE, and persisted in the archaeological record until 1449 ± 421 
1631 CE. It is still unclear, however, if these dogs were the hairless specimens observed by 422 
the first Spanish arriving to Mexico. First of all, the dental criteria used to identify them might 423 
be associated with other developmental anomalies than CED. Also, other mutations exist that 424 
lead to hairless dogs without affecting teeth development (Parker et al., 2017b), stressing the 425 
difficulties in accurately identifying them in the archaeological record. 426 
Nonetheless, we show that the dogs from the Basin of Mexico present a high 427 
mitochondrial diversity and genetic continuity across the different cultural periods suggesting 428 
the existence of a large and stable population of dogs. SRPH³KDLUOHVV-OLNH´GRJVIURP&HQWUDO429 
Mexico present a similar haplotype as some modern Xoloitzcuintli, Peruvian Hairless Dogs 430 
and Chihuahua that could reflect one of the maternal ancestries of the breeds. 431 
From the eight specimens analysed, we identified four different haplotypes including two 432 
that were never reported before, and all are different from the haplotypes described in ancient 433 
Mesoamerican dogs until now. It shows that most of the diversity of ancient American dog 434 
populations is still unknown and further studies are required with a larger geographical and 435 
chronological sampling to improve our understanding of past and modern dog relationships. 436 
Moreover, this study mostly relies on the mtDNA control region whereas complete 437 
mitogenome would give a better resolution. On the other hand, mtDNA only represents the 438 
maternal half of lineages and plays a limited role in phenotypic expression. Nuclear genomic 439 
approaches have been successfully used in ancient dogs to target specific phenotypes (Ollivier 440 
et al., 2013), metabolic adaptations (Ollivier et al., 2016), and population history (Botigué et 441 
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al., 2017; Ní Leathlobhair et al., 2018; Frantz et al., 2016). Therefore, their application to 442 
ancient Mesoamerican dogs would allow for a better understanding of past and modern dog 443 
relationships. 444 
6. Acknowledgments 445 
We wish to thank the Mexican authorities who allowed the exportation and analysis of the 446 
samples, the ECHoMICADAS team at Gif-sur-Yvette for their technical support with the 447 
graphitisation and AMS measurement of the samples, Laetitia Lagoutte and the Antagene 448 
laboratory for providing samples of modern dog DNA, and T. Cucchi for the acquisition of 449 
CT-scans for AZ-749. We are grateful to J. Knockaert and S. Cersoy for their help in 450 
laboratory procedures, N. Goepfert and S. Grouard for fruitful discussions on hairless dogs, C. 451 
Speller for sharing important bibliographical references and insightful advices, and M. 452 
Teasdale for his valuable comments on the manuscript. Finally, we wish to thank the three 453 
anonymous reviewers who greatly improved the quality of this paper. 454 
7. Funding 455 
This project has been funded through a grant of the Actions Transverses du Muséum 456 
(ATM), call 2016, and a postdoctoral fellowship of the Fondation Fyssen and the Horizon 457 
2020 program (grant number MSCA-IF-2016 n°748679) to AM. 458 
8. References 459 
Allen, G.M., 1920. Dogs of the American aborigines. Bull. Museum Comp. Zool. 63, 431±517. 460 
Ambrose, S.H., 1990. Preparation and characterization of bone and tooth collagen for isotopic analysis. J. 461 
Archaeol. Sci. 17, 431±451. doi:10.1016/0305-4403(90)90007-R 462 
Ames, K.M., Richards, M.P., Speller, C.F., Yang, D.Y., Lyman, R.L., Butler, V.L., 2015. Stable isotope and 463 
ancient DNA analysis of dog remains from Cathlapotle (45CL1), a contact-era site on the Lower Columbia 464 
River. J. Archaeol. Sci. 57, 268±282. doi:10.1016/j.jas.2015.02.038 465 
24 
 
Anawalt, P.R., 1992. Ancient cultural contacts between Ecuador, West Mexico and the American Southwest: 466 
clothing similarities. Lat. Am. Antiq. 3, 114±129. 467 
Angleby, H., Oskarsson, M., Pang, J., Zhang, Y.P., Leitner, T., Braham, C., Arvestad, L., Lundeberg, J., Webb, 468 
K.M., Savolainen, P., 2014. Forensic informativity of ~3000 bp of coding sequence of domestic dog 469 
mtDNA. J. Forensic Sci. 59, 898±908. doi:10.1111/1556-4029.12504 470 
Asahara, M., 2013. Unique inhibitory cascade pattern of molars in canids contributing to their potential to 471 
evolutionary plasticity of diet. Ecol. Evol. 3, 278±285. doi:10.1002/ece3.436 472 
Bandelt, H.J., Forster, P., Röhl, A., 1999. Median-Joining Networks for inferring intraspecific phylogenies. Mol. 473 
Biol. Evol. 16, 37±48. 474 
%DURQH5$QDWRPLHGHVPDPPLIqUHVGRPHVWLTXHVWRPH(?2VWpRORJLHHHGVigot Frères, Paris. 475 
Barta, J.L., 2006. Addressing issues of domestication and cultural continuity on the Northwest Coast using 476 
ancient DNA and dogs. McMaster University. 477 
Bastian, F., Jacot-des-Combes, C., Hänni, C., Perrier, M., 2018. Determination of the geographical origin of 478 
leather shields from Zanzibar using ancient DNA tools. J. Archaeol. Sci. Reports 19, 323±333. 479 
doi:10.1016/j.jasrep.2018.03.002 480 
Blanco, A., Götz, C., Mestre, G., Rodríguez, B., Valadez, R., 2008. El xoloitzcuintle prehispánico y el estándar 481 
actual de la raza. AMMVEPE 19, 131±138. 482 
Blanco Padilla, A., Rodríguez Galicia, B., Valadez Azúa, R., 2009. Estudio de los cánidos arqueológicos del 483 
México prehispánico, Textos básicos y manuales. Instituto Nacional de Antropología e Historia 484 
Universidad Nacional Autónoma de México Instituto de Investigaciones Antropológicas, México. 485 
Botigué, L.R., Song, S., Scheu, A., Gopalan, S., Pendleton, A.L., Oetjens, M., Taravella, A.M., Seregély, T., 486 
Zeeb-Lanz, A., Arbogast, R.-M., Bobo, D., Daly, K., Unterländer, M., Burger, J., Kidd, J.M., Veeramah, 487 
K.R., 2017. Ancient European dog genomes reveal continuity since the Early Neolithic. Nat. Commun. 8, 488 
16082. doi:10.1038/ncomms16082 489 
Bronk Ramsey, C., 1994. Analysis of chronological information and radiocarbon calibration: the program 490 
OxCal. Archaeol. Comput. Newsl. 41, 11±16. 491 
Brown, S.K., Darwent, C.M., Sacks, B.N., 2013. Ancient DNA evidence for genetic continuity in arctic dogs. J. 492 
Archaeol. Sci. 40, 1279±1288. doi:10.1016/j.jas.2012.09.010 493 
Buchalczyk, T., Dynowski, J., Szteyn, S., 1981. Variations in the number of teeth and asymetry of the skull in 494 
the wolf. Acta Theriol. (Warsz). 26, 23±30. 495 
Carot, P., Hers, M.-A., 2016. De perros pelones, buzos y Spondylus. Una historia continental. An. del Inst. 496 
Investig. Estéticas 38, 9±50. 497 
Castroviejo-Fisher, S., Skoglund, P., Valadez, R., Vilá, C., Leonard, J.A., 2011. Vanishing native American dog 498 
25 
 
lineages. BMC Evol. Biol. 11, 1:5. 499 
Collins, L.M., 2002. The zooarchaeology of the Copan valley: status and the search for a Maya slave class. 500 
Thèse de Doctorat, Harvard University. 501 
'DUZLQ&/¶RULJLQHGHVHVSqFHV*))ODPPDULRQ3DULV 502 
de la Garza, M., 1995. Aves sagradas de los mayas. Facultad de Filosofía y Letras, Centro de Estudios Mayas del 503 
Instituto de Investigaciones Filológicas, Universidad Nacional Autónoma de México. 504 
Dibble, C.E., Anderson, A.J.O., 1975. Florentine Codex. Book 11: Earthly things. The School of American 505 
Research and the University of Utah, Santa Fe. 506 
Drögemüller, C., Karlsson, E.K., Hytönen, M.K., Perloski, M., Dolf, G., Sainio, K., Lohi, H., Lindblad-Toh, K., 507 
Leeb, T., 2008. A mutation in hairless dogs implicates FOXI3 in ectodermal development. Science (80-. ). 508 
321, 1462. 509 
Edgar, R. C., 2004. MUSCLE: multiple sequence alignment with high accuracy and high throughput. Nucleic 510 
Acids Res. 32(5): 1792-1797. 511 
Equihua Manrique, J. C., Tirado Balandrán, A. L., Ponce Ordaz, K. P., Nicolás Careta, C., Hernández Balderas, 512 
T., López Martínez, H., Padilla Gutiérrez, E. F., Riego Ruíz, S., Cervantes Alejandre, G. S., Montes 513 
Guerrero, T., López Martínez, J. B., Monterroso Rivas, P. N., Ponce de León, R. H., Ojeda Güitró, E., 514 
2008. Proyecto Salvamento Arqueológico Tizayuca 2006. Informe Parcial. INAH, Archivo Técnico de la 515 
Coordinación Nacional de Arqueología, México, vol. I-IV. 516 
Excoffier, L., Lischer, H.E.L., 2010. Arlequin suite ver 3.5: a new series of programs to perform population 517 
genetics analyses under Linux and Windows. Mol. Ecol. Resour. 10, 564±567. 518 
Excoffier, L., Smouse, P.E., Quattro, J.M., 1992. Analysis of molecular variance inferred from metric distances 519 
among DNA haplotypes: application to human mitochondrial DNA restriction data. Genetics 131, 479±520 
491. 521 
Faugère-Kalfon, B., 2010. Dinámicas culturales entre el Occidente, el Centro Norte y la Cuenca de México, del 522 
Preclásico al Epiclásico. Centro de estudios mexicanos y centroamericanos, El Colegio de Michoacán. 523 
Frantz, L.A., Mullin, V.E., Pionnier-Capitan, M., Lebrasseur, O., Ollivier, M., Perri, A., Linderholm, A., 524 
Mattiangeli, V., Teasdale, M.D., Dimopoulos, E.A., Tresset, A., Duffraisse, M., McCormick, F., 525 
Bartosiewicz, L., Gal, E., Nyerges, E.A., Sablin, M. V, Bréhard, S., Mashkour, M., Balasescu, A., Gillet, 526 
B., Hughes, S., Chassaing, O., Hitte, C., Vigne, J.-D., Dobney, K., Hänni, C., Bradley, D.G., Larson, G., 527 
2016. Genomic and archaeological evidence suggests a dual origin of domestic dogs. Science (80-. ). 352, 528 
1228±1231. 529 
*RX\ 0 *XLQGRQ 6 *DVFXHO 2  6HD9LHZ YHUVLRQ (? D PXOWLSODWIRUP JUDSKLFDO XVHU LQWHUIDFHIRr 530 
sequence alignment and phylogenetic tree building. Mol. Biol. Evol. 27, 221±224. 531 
26 
 
Grouard, S., Perdikaris, S., Debue, K., 2013. Dog burials associated with Human burials in the West Indies 532 
during the early pre-Columbian Ceramic Age (500 BC-600 AD). Anthropozoologica 48, 447±465. 533 
doi:10.5252/az2013n2a17 534 
Guzmán, A.F., Arroyo Cabrales, J., 2014. Razas de perros mesoamericanos. Características morfológicas y 535 
moleculares. Arqueol. Mex. 31, 38±41. 536 
Harcourt, R.A., 1974. The dog in prehistoric and early historic Britain. J. Archaeol. Sci. 1, 151±175. 537 
Hernández, F., 1959. Historia natural de Nueva España. Universidad Nacional Autónoma de México, México. 538 
Hilson, S., 2005. Teeth, Cambridge Manuals in Archaeology. Cambrige University Press, Cambridge. 539 
doi:10.1002/1521-3773(20010316)40:6<9823::AID-ANIE9823>3.3.CO;2-C 540 
Hosler, D., 1988. Ancient west mexican metallurgy: a technological chronology. J. F. Archaeol. 15, 191±217. 541 
Kemp, B.M., Judd, K., Monroe, C., Eerkens, J.W., Hilldorfer, L., Cordray, C., Schad, R., Reams, E., Ortman, 542 
S.G., Kohler, T.A., 2017. Prehistoric mitochondrial DNA of domesticate animals supports a 13th century 543 
exodus from the northern US southwest. PLoS One 12, e0178882. doi:10.1371/journal.pone.0178882 544 
Kim, K.S., Lee, S.E., Jeong, H.W., Ha, J.H., 1998. The complete nucleotide sequence of the domestic dog (Canis 545 
familiaris) mitochondrial genome. Mol. Phylogenet. Evol. 10, 210±220. 546 
Knyazev, S.P., Kulikova, A. V., Axenovich, T.I., Aulchenko, Y.S., 2003. Inheritance of oligodontia in Kerry 547 
Blue Terrier dogs. Russ. J. Genet. 39, 669±675. 548 
Kupczik, K., Cagan, A., Brauer, S., Fischer, M.S., 2017. The dental phenotype of hairless dogs with FOXI3 549 
haploinsufficiency. Sci. Rep. 7, 5459. doi:10.1038/s41598-017-05764-5 550 
Larson, G., Karlsson, E.K., Perri, A., Webster, M.T., Ho, S.Y.W., Peters, J., Stahl, P.W., Piper, P.J., Lingaas, F., 551 
Fredholm, M., Comstock, K.E., Modiano, J.F., Schelling, C., Agoulnik, A.I., Leegwater, P.A., Dobney, K., 552 
Vigne, J.-D., Vilà, C., Andersson, L., Lindblad-Toh, K., 2012. Rethinking dog domestication by 553 
integrating genetics, archeology, and biogeography. Proc. Natl. Acad. Sci. U. S. A. 109, 8878±8883. 554 
doi:10.1073/pnas.1203005109 555 
Lawrence, B., Bossert, W.H., 1967. Multiple character analysis of Canis lupus, latrans and familiaris, with a 556 
discussion of the relationships of Canis niger. Am. Zool. 7, 223±232. 557 
Leonard, J.A., Wayne, R.A., Wheeler, J., Valadez Azúa, R., Guillén, S., Vilá, C., 2002. Ancient DNA evidence 558 
for Old World origin of New World dogs. Science (80-. ). 298, 1613±1616. 559 
Librado, P., Rozas, J., 2009. DnaSP v5: A software for comprehensive analysis of DNA polymorphism data. 560 
Bioinformatics 25, 1451±1452. 561 
Lindblad-Toh, K., Wade, C.M., Mikkelsen, T.S., Karlsson, E.K., Jaffe, D.B., Kamal, M., Clamp, M., Chang, 562 
J.L., Kulbokas, E.J., Zody, M.C., Mauceli, E., Xie, X., Breen, M., Wayne, R.K., Ostrander, E.A., Ponting, 563 
27 
 
C.P., Galibert, F., Smith, D.R., DeJong, P.J., Kirkness, E., Alvarez, P., Biagi, T., Brockman, W., Butler, J., 564 
Chin, C.-W., Cook, A., Cuff, J., Daly, M.J., DeCaprio, D., Gnerre, S., Grabherr, M., Kellis, M., Kleber, 565 
M., Bardeleben, C., Goodstadt, L., Heger, A., Hitte, C., Kim, L., Koepfli, K.-P., Parker, H.G., Pollinger, 566 
J.P., Searle, S.M.J., Sutter, N.B., Thomas, R., Webber, C., Lander, E.S., 2005. Genome sequence, 567 
comparative analysis and haplotype structure of the domestic dog. Nature 438, 803±819. 568 
doi:10.1038/nature04338 569 
Losey, R.J., Jessup, E., Nomokonova, T., Sablin, M., 2014. Craniomandibular Trauma and Tooth Loss in 570 
Northern Dogs and Wolves: Implications for the Archaeological Study of Dog Husbandry and 571 
Domestication. PLoS One 9, e99746. doi:10.1371/journal.pone.0099746 572 
Manin, A., Lefèvre, C., 2016. The use of animals in Northern Mesoamerica, between the Classic and the 573 
Conquest (200-1521 AD). An attempt at regional synthesis on central Mexico. Anthropozoologica 51(2), 574 
127-147. 575 
Manzanilla, L., 2005. Reacomodos demográficos del Clásico al Posclásico en el centro de México. Universidad 576 
Nacional Autónoma de México, Instituto de Investigaciones Antropológicas, México. 577 
Manzanilla, L., Valadez Azúa, R., 2009. El ambiente y el hombre: arqueofauna de los túneles de Teotihuacan: 578 
estudios interdisciplinarios, El inframundo de Teotihuacan: ocupaciones post-teotihuacanas en los túneles 579 
al este de la Pirámide del Sol. El Colegio Nacional, México. 580 
Miles, A.E.W., Grigson, C., 1990. &RO\HU¶V YDULDWLRQV DQG GLVHDVHV RI WKH WHHWK RI DQLPDOV &DPEULGJH581 
University Press, Cambridge. 582 
Ní Leathlobhair, M., Perri, A. R., Irving-Pease, E. K., Witt, K. E., Linderholm, A., Haile, J., Lebrasseur, O., 583 
Ameen, C., Blick, J., Boyko, A. R., Brace, S., Cortes, Y. N., Crockford, S. J., Devault, A., Dimopoulos, E. 584 
A., Eldridge, M., Enk, J., Gopalakrishnan, S., Gori, K., Grimes, V., Guiry, E., Hansen, A. J., Hulme-585 
Beaman, A., Johnson, J., Kitchen, A., Kasparov, A. K., Kwon, Y.-M., Nikolskiy, P. A., Lope, C. P., 586 
Manin, A., Martin, T., Meyer, M., Myers, K. N., Omura, M., Rouillard, J.-M., Pavlova, E. Y., Sciulli, P., 587 
Sinding, M.-H. S., Strakova, A., Ivanova, V. V., Widga, C., Willerslev, E., Pitulko, V. V., Barnes, I., 588 
Gilbert, M. T. P., Dobney, K. M., Malhi, R. S., Murchison, E. P., Larson, G. and Frantz, L. A. F. (2018) 589 
The evolutionary history of dogs in the Americas. Science, 361(6397), pp. 81±85. doi: 590 
10.1126/science.aao4776. 591 
Ollivier, M., Tresset, A., Bastian, F., Lagoutte, L., Axelsson, E., Arendt, M.-/%ăOăúHVFX$0DUVKRXU0592 
Sablin, M. V., Salanova, L., Vigne, J.-D., Hitte, C., Hänni, C., 2016. Amy2B copy number variation 593 
reveals starch diet adaptations in ancient European dogs. R. Soc. Open Sci. 3, 160449. 594 
doi:10.1098/rsos.160449 595 
Ollivier, M., Tresset, A., Hitte, C., Petit, C., Hughes, S., Gillet, B., Duffraisse, M., Pionnier-Capitan, M., 596 
Lagoutte, L., Arbogast, R.-M., Balasescu, A., Boroneant, A., Mashkour, M., Vigne, J.-D., Hänni, C., 2013. 597 
Evidence of coat color variation sheds new light on ancient canids. PLoS One 8. 598 
doi:10.1371/journal.pone.0075110 599 
28 
 
Pang, J.-F., Kluetsch, C., Zou, X.-J., Zhang, A. -b., Luo, L.-Y., Angleby, H., Ardalan, A., Ekstrom, C., 600 
Skollermo, A., Lundeberg, J., Matsumura, S., Leitner, T., Zhang, Y.-P., Savolainen, P., 2009. mtDNA data 601 
indicate a single origin for dogs South of Yangtze River, less than 16,300 years ago, from numerous 602 
wolves. Mol. Biol. Evol. 26, 2849±2864. doi:10.1093/molbev/msp195 603 
Parker, H.G., Dreger, D.L., Rimbault, M., Davis, B.W., Mullen, A.B., Carpintero-Ramirez, G., Ostrander, E.A., 604 
2017a. Genomic Analyses Reveal the Influence of Geographic Origin, Migration, and Hybridization on 605 
Modern Dog Breed Development. Cell Rep. 19, 697±708. doi:10.1016/j.celrep.2017.03.079 606 
Parker, H.G., Harris, A., Dreger, D.L., Davis, B.W., Ostrander, E.A., 2017b. The bald and the beautiful: 607 
hairlessness in domestic dog breeds. Philos. Trans. R. Soc. Lond. B. Biol. Sci. 372, 1±8. 608 
Parker, H.G., Kim, L. V., Sutter, N.B., Carlson, S., Lorentzen, T.D., Malek, T.B., Johnson, G.S., DeFrance, 609 
H.B., Ostrander, E.A., Kruglyak, L., 2004. Genetic structure of the purebred domestic dog. Science. 610 
304(5674), 1160±1164. doi:10.1126/science.1097406 611 
Pereira, L., Van Asch, B., Amorim, A., 2004. Standardisation of nomenclature for dog mtDNA D-loop: a 612 
prerequisite for launching a Canis familiaris database. Forensic Sci. Int. 141, 99±108. 613 
doi:10.1016/j.forsciint.2003.12.014 614 
3LpUDUG-1RWHG¶DQDWRPLHDSSOLTXpH(?DSSUpFLDWLRQGHO¶kJHGXFKLHn. La Rev. Vétérinaire Can. 8, 197±615 
200. 616 
Robinson, R., 1985. Chinese crested dog. J. Hered. 76, 217±218. 617 
Rodríguez Galicia, B., Valadez Azúa, R., Pereira, G., Viniegra RodrÍguez, F., Olmos RodrÍguez, K., Blanco 618 
Padilla, A., 2001. Restos arqueozoológicos de perros (Canis familiaris) encontrados en el sitio de 619 
Guadalupe, Estado de Michoacán. AMMVEPE 12, 199±209. 620 
Saunders, N.J., 1994. Predators of culture: jaguar symbolism and Mesoamerican elites. World Archaeol. 26, 621 
104±117. 622 
Schwartz, M., 1997. A history of dogs in the early Americas. Yale University. 623 
Seler, E., 1996. The animal pictures of the Mexican and Mayan manuscripts, in: Collected Works in 624 
Mesoamerican Linguistics and Archaeology. Vol.5. Labyrinthos, pp. 165±340. 625 
Sharpe, A.E., 2014. A reexamination of the birds in the Central Mexican codices. Anc. Mesoamerica 25, 317±626 
336. doi:10.1017/S0956536114000297 627 
Stocker, T., Meltzoff, S., Armsey, S., 1980. Crocodilians and Olmecs: Further interpretations in Formative 628 
period iconography. Am. Antiq. 45, 740±758. 629 
Szuma, E., 1999. Dental abnormalities in the red fox Vulpes vulpes from Poland. Acta Theriol. (Warsz). 44, 630 
393±412. 631 
29 
 
Thalmann, O., Shapiro, B., Cui, P., Schuenemann, V.J., Sawyer, S.K., Greenfield, D.L., Germonpre, M.B., 632 
Sablin, M. V., Lopez-Giraldez, F., Domingo-Roura, X., Napierala, H., Uerpmann, H.-P., Loponte, D.M., 633 
Acosta, A.A., Giemsch, L., Schmitz, R.W., Worthington, B., Buikstra, J.E., Druzhkova, A., Graphodatsky, 634 
A.S., Ovodov, N.D., Wahlberg, N., Freedman, A.H., Schweizer, R.M., Koepfli, K.-P., Leonard, J.A., 635 
Meyer, M., Krause, J., Paabo, S., Green, R.E., Wayne, R.K., 2013. Complete Mitochondrial Genomes of 636 
Ancient Canids Suggest a European Origin of Domestic Dogs. Science (80-. ). 342, 871±874. 637 
doi:10.1126/science.1243650 638 
The hairless dog, 1917. . J. Hered. 519±520. 639 
Urbano Torrico, L.A., 2008. Contribución al estudio de la dentición del perro sin pelo del Perú. Cienc. Desarro. 640 
8, 19±33. 641 
Valadez, R., Leonard, J.A., Vilá, C., 2003. El origen del perro americano visto a través de la biologia molecular. 642 
AMMVEPE 14, 73±82. 643 
Valadez Azúa, R., 1995. Anatomía dental del perro pelón mexicano. Rev. Vet. Mex. 26, 317±331. 644 
Valadez Azúa, R., Blanco, A., Rodríguez, B., Götz, C., 2009. Perros pelones del México Prehispánico. 645 
Archaeobios 3, 15±19. 646 
Valadez Azúa, R., Blanco Padilla, A., Rodríguez Galicia, B., Pérez Roldán, G., 2013. The dog in the Mexican 647 
archaeozoological record, in: Götz, C.M., Emery, K.F. (Eds.), The Archaeology of Mesoamerican 648 
Animals. Lockwood Press, Atlanta, pp. 557±582. 649 
Valadez Azúa, R., Rodríguez Galicia, B., 2009. Los restos zoológicos de Santa Cruz Atizapán, in: Sugiura 650 
Yamamoto, Y. (Ed.), La Gente de La Ciénaga En Tiempos Antiguos. La Historia de Santa Cruz Atizapán. 651 
Universidad Nacional Autónoma de México, Colegio Mexiquense, México, pp. 195±230. 652 
Valadez Azúa, R., Rodríguez Galicia, B., Blanco Padilla, A., 2010. Flujos migratorios e influencias culturales en 653 
el centro, el occidente y el norroccidente de Mesoamérica, vistos a traves de la fauna doméstica, in: 654 
Faugère-Kalfon, B. (Ed.), Dinámicas Culturales Entre El Occidente, El Centro-Norte Y La Cuenca de 655 
México, Del Preclásico Al Epiclásico. Centro de estudios mexicanos y centroamericanos, El Colegio de 656 
Michoacán, Zamora, pp. 231±246. 657 
van Asch, B., Pereira, L., Pereira, F., Santa-Rita, P., Lima, M., Amorim, A., 2005. mtDNA diversity among four 658 
Portugese autochtonous dog breeds: a fine-scale characterisation. BMC Genet. 6, 37. doi:10.1186/1471-659 
2156-6-37 660 
van Asch, B., Zhang, A., Oskarsson, M.C.R., Klütsch, C.F.C., Amorim, A., Savolainen, P., 2013. Pre-Columbian 661 
origins of Native American dog breeds , with only limited replacement by European dogs , confirmed by 662 
mtDNA analysis. Proc R Soc B 280, 1±9. 663 
Vásquez Sánchez, V.F., Rosales, T.E., Gálvez, C., Dorado, G., 2016. El origen del perro (Canis lupus familiaris) 664 
sin pelo peruano (PSPP): pruebas arqueológicas, zooarqueológicas y genéticas - Revisión. Archaeobios 1, 665 
30 
 
80±102. 666 
Vásquez Sánchez, V.F., Rosales Tham, T.E., Dorado, G., 2009. Morfotipos y razas de perros (Canis lupus 667 
familiaris L.) en la epoca Moche. Arqueobios 3, 1±16. 668 
Vilà, C., Maldonado, J.E., Wayne, R.K., 1999. Phylogenetic relationships, evolution, and genetic diversity of the 669 
domestic dog. J. Hered. 90, 71±7. doi:10.1093/jhered/90.1.71 670 
Vilà, C., Savolainen, P., Maldonado, J.E., Amorim, I.R., Rice, J.E., Honeycutt, R.L., Crandall, K.A., Lundeberg, 671 
J., Wayne, R.K., 1997. Multiple and ancient origins of the domestic dog. Science (80-. ). 276, 1687±1689. 672 
Vilà, C., Urios, U., Castroviejo, J., 1993. Tooth losses and anomalies in the wolf (Canis lupus). Can. J. Zool. 71, 673 
968±971. 674 
von den Driesch, A., 1976. A guide to the measurement of animal bones from archaeological sites as developped 675 
by the Intitut für Palaeoanatomie, Domestikationsforschung und Geschichte der Tiermedizin of the 676 
University of Munich, Peabody Museum Bulletin. Peabody Museum of Archaeology and Ethnology, 677 
Harvard University. 678 
Witt, K.E., Judd, K., Kitchen, A., Grier, C., Kohler, T.A., Ortman, S.G., Kemp, B.M., Malhi, R.S., 2015. DNA 679 
analysis of ancient dogs of the Americas: Identifying possible founding haplotypes and reconstructing 680 
population histories. J. Hum. Evol. 79, 105±118. doi:10.1016/j.jhevol.2014.10.012 681 
White, C.D., Pohl, M.E.D.D., Schwarcz, H.P., Longstaffe, F.J., 2001. Isotopic evidence for Maya patterns of 682 
deer and dog use at Preclassic Colha. J. Archaeol. Sci. 28, 89±107. doi:10.1006/jasc.1999.0560 683 
 684 
